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Abstract

Using NaBF, as fluorine source, a hydrothermal method was used to prepare the nanonets-stacked
hierarchical CdAOHF nanostructures by varying pH value. The results showed that different pH
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values and reaction times made the CAOHF feature adjustable structural variations with 1D nano-
belts, nano-belt-woven 2D nets and net-stacked 3D hierarchical structures. The adsorption prop-
erties of the CAOHF were investigate and exhibited a strong selectivity for cationic organic dyes.
The theoretical maximum adsorption of graded structure CAOHF on MG was calculated to reach
48.31 mg/g. XRD and FTIR results indicate the adsorption process was physical adsorption. The
adsorption process of CdAOHF on Malachite Green conforms to the quasi second-order dynamic equ-
ation and Langmuir iso-thermal adsorption equation.
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HAT, SAAPURHEIEAR. Bl B A g AT A A S A, HE R 00 B 7K b (8 Rk 2 TRl
Hdk, HKFEHSIKENFE, HIFBUKEHEHEER M, SASER 7 &g [1] [2] [8]1. N T
BB FRIENGE, AMIEEZR T W . KBE. e SEREAR 2. SHAMES YRk
BREARMLL, WEHERA GRS 2 BER S BB WA R LEE R BT AR S
R A, R ERAR ) BTSSR

BEE AR R CIRUR R, FRRE A SE o T A B /K AR Gl v G i 7 R A sk o 2 52 5
1% MOHF (M = Co. Mn. Cu. Zn. MQ)iliH NIR4ERTRL, S R BRI et by, A
HEAL . BRI B L A A AL S5 U ORI S HANMEL[4] [5]. T B K 1 2 Bl & 715 k& ik
FREE ALY MOHF Tk R, ML TAL G 0ia e - BEIIE6] FLPTigik[7]15 71k, Kk nT Dot
PR . ININFIR LS, A 20kcds il W B 77 A SRR A% . TEES S AWOW 465 # T ot T 2 2% 151 [8] . CAOHF 1%
N—REEFRIEFENY), 5IAMRIEFAAPIA LTI M SR AE 77 TH T AR IE AT 5

AR SCR T8 B KRG, B VAT pH B B SN () S5 R 4% A RS [ 3 CAOHF 4iKAkl, If
TPt 7 HE X B B R v R PP R

2. SEEEERSY
2.1 Wi S51E

Cd (NO3)4H,0. NaBF,. NaOH ¥44r#rall, yH EZ58E M Rl AF .
2.2. FERRFRAE

YRR TR X B AT4H X (Bruker D8 ADVANCE), Cu Ka JN4ESHE(= 1.54178 A): KA K S
J# H1 8% (Hitachi S-4800) 1137 5 Hi 5% (JEOL-2100F) £ U B & O S FE SR AN R ST s SR 20 A0 e i A 4% I =
FTIR Jtit.
2.3. HEEl&E

FREL 1 mmol Cd(NO3),-4H,0 F1 1 mmol NaBF, 73 H#7E 25 mL [Z& 1K F, FHELEEEE 20 min. $iifkid
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FEF NN 0.2 g NaOH. KR A ERE T 30 mL IR IR M R N 2, 28, 120°Cn#iU M 12 h.
EEERERRE, BB AaTUEY, I ERIEKR TR QS PEE 3 UG K TSR E 80°C
T4 3 h,

2.4. M4 RO R

HHEEZEIRQR0 £5)CT, H 40 mL. 20 mg/L FIFLEAZR(MG)E WS 30 mg #) CAOHF F=4idk47 s
B TR . R E IS R [A]BE 5. 104 15. 20. 30. 40. 50. 60. 70 min FIS 8] & A ik
EERN BIEW, RUCEAR Mg 5 EGRE , BORI. HEA - mT s T E AL A 4k
(MG IO EE . thah, FRATEESE T HoAh LA HLAEDKIER (MO CR. MV, MG. NR)RIFH it
il % 1) CAOHF Wi Bt 1 (i B PEPE RE

TELE T 7 FLEAZR(MG)IRBE . WP 71 B 55 406 CAOHF 72 i W Bt FL 28 A1 Z-(MG) BE 7 B 54l
iR 30 mg WIS 40 mL A, WEFT T ARG (20~100 mg/L) (4L A7 4% (MG) U I
B3t R AR o A [ 70 B RO B 70(30 40+ 50 60 mg) 73 TR A I E 20 mg/L FL4Ef £ (MG) s T,
UL S R 770 790 2 PR 2R
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Figure 1. CAOHF obtained under characteristic conditions: (a) XRD pattern; (b) FTIR diagram
B 1. EEHELM TERT3XA CAOHF: (a) XRD [&; (b) FTIR

1(a)#& 1 mmol Cd(NOs),-4H,0. 1 mmol NaBF,. 0.2 g NaOH, 120°C. 12 h Fi#k/=#ft) XRD &.
&b BT AT 163 5 1E S AH Y CAOHF (JCPDS card No. 22-0181)AHULHEL . XRD f#)45 B i 7 i % CAOHF
2l e, o AR B P AFAE « ] 1(b)#2E 1 mmol Cd(NOs),-4H,0. 1 mmol NaBF,. 0.2 g NaOH, 120°C..
12 h k=i FTIR [, 7T 435 cm™ fil 483 cm ™ &b fli4%1 43y Cd-O F1 Cd-F fOFE(HA5 . 7F 858 cm ™
1991 cm 4k (14 2 B T CAOHF f) Cd-OH 25 i Al OH HH % IR 5 3, . —OH A A5 i 4 X 5: 8 3383 cm ?
11418 cm ™ A I EE AN ST 1072 A

2. FEFFESRM TPR3RE) CAOHF; (a, b) SEM [El; (c) TEM; (d) SAED
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2 4 1 mmol Cd(NOs),-4H,0+ 1 mmol NaBF,. 0.2 g NaOH, 120°C. 12 h fi$k[) CdOHF ] SEM (a.
b). TEM F1 SAED(c. d). #n/E 2(a), KM CAOHF ¥ i & =4 RURHE B K43 24540 . Wil 2(b), W&
B FER R K B g 230 i, 9% 9 100~200 nm, JE A 50~100 nm. 4] 2(c). 2(d)¥) TEM 5 SEM (1)
ERAHE . AR B R LY 100 nm, K EATiA 3~4 ym. SAED R E R PR HEE /> 2 CAOHF & B i
)
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Figure 3. The XRD and SEM patterns of CAOHF obtained at different pH values
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Figure 4. The XRD and SEM patterns of CAOHF obtained at different reaction times
4. NER RETE{SZI# CAOHF & XRD EF1 SEM [
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K 3 JEAN[H pH 17521 CAOHF ) XRD KA1 SEM K. 4] 3(a)% W], 4l CAOHF 7E pH i 9~11 )
TR, pH BB 12.5 I 4 W %23 Cd(OH), (JCPDS 314+ N0.31-0228). K 3(b)alLAE H!, #£ pHE N 9
i, RIS EAE N 60~100 nm () CAOHF 4KFe. pH {EN 10 111, JE R RURHEE 195> 2% CAOHF 4544 (14
3(c)~ (d)). 4 pH 4 12,5 8 13 i, JERL CA(OH), #Kki([El 3(e)s (f)). M EREERTTULE H, pH EZ R
SEAN A PR 4 S A AE A B DGR R 3R . (] 4 R AN R ORE 8] 45 21 1) CAOHF [ XRD KB SEM K. W& 4(a),
7N T5 HH CA(OH), U 1) 56k P55 It 2 s 7 s T PRI 388 I BEAEG, 83 12 h (/K #vib 3 /5, Cd(OH), e J LT3 2%
X ULH Cd(OH), B %% 4 CAOHF. 4 e I [ 12 h, fi7ht i34 4l CAOHF 5. A 1h A,
A[3R B 4224 50~100 nm f¥) CA(OH), 44K v (] 4b). I3 hy 6 h A1 9 h J&, FEihs2 Cd(OH), 49K M
RS 5> CAOHF FIVRAYI(E 4(c)~(e)). HIIE 4(F)%1, PIRMES 5> (1) CAOHF £5#7E 12 h WIERL. &
24h J5, FERTESURFEAAR (K 4(0)). M REERFTLIEH, K B[R] FF % B CAOHF.
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Figure 5. (a) Dark adsorption behavior of different morphological CAOHF; (b) Removal rate of different dyes

within 60 minutes; (c) Absorption efficiency of 30 mg CAOHF on malachite green (MG) (20~100 mg/L); (d)
Adsorption capacity

5. () FEIFH CAOHF BYRRFIRTLL ; (b) 60 S SR EIHRAIEZFRE; (c) 30 mg CAOHF JHFLERLR
(MG) (20~100 mg/L)BYIRFHZLE; (d) RMIAE

W 5(a), 24 CAOHF it FH 25 F 4kt MG B U A 62%. it M 20 mg-L ™ (RIBH &8 1 4
EHMO, CR). BHE FYekl(MV. MG)FIH P YRl (NR)WF 7T = 4E IR HES 50 2 CAOHF X A5 HLULEH ) %
PEWL B . anls] 5(b), CAOHF X BHES T Ykl B A B B ik, BARAF MR, Wl 5(c). @it
IR T SR B 575 AL R I B 25 B, ] 5(d). 7E 20~100 mg/L WKFE K MG WM EBRRE
18.0%~62.85% [a], WK BEIRE HIBE Kim M. ELWLF6E /I7E 16.49 mg/g £ 39.99 mg/g 2 A 47 1E i &
ZE St o AR E AL S BR,  BEE RN IIEET, TR TRIE — e W T A B AN . AR T H AR
e, 225k CAOHF XFBHES T4kl MG IR R, X MG I (AU R B IA F 62%. MG {E
N DL B BT gkl s T i TR ED R Tl . SEIG IS AR 4K, = 4k IR HE 2 5 1T
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CAOHF 1 zeta A7 9-9.11 mV, [KIFE CAOHF R H 7] BEfAAE K i i A EAMR . Kk, BT
WS VE T, BH S T e REAE K VA BB 7= A R A L FEL AT (14 638 423 CAOHF FESh I, 43 571 1 L
SEM R, PR = 4E R HE S 70 2711 CAOHF #1kF2 2L 10 Y 55 9 (1 W B P B

Table 1. Relevant parameters of the quasi-secondary kinetic model
F 1 EZRHNFREMEXRSH

HE 5 ) 2 A Y

Co (mg/L) Kz (mg-g*-min™*) R%qe (mg/g)
20 0.05783 0.9994 16.6085
40 0.02222 0.9987 29.1121
60 0.01007 0.9970 36.4299
80 0.00798 0.9956 39.9361
100 0.00422 0.9897 41.8060
(b)
161
14
=]
50
‘;ul,o-
5”0.8-
0.6
04 °®
210 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70
Time(min) C (mg/L)

~
L)
—’

Relative intensity(a.u.)

CdOHF (d) L
JCPDS:22-0181 1

TO6)

Tmestan

TL'EBEE:
058

80 3500 3000 2500 2000 1500 1000 500
2theta(degree) Wavenumbers(cm™)

Figure 6. (a) Quasi-second-order kinetic equations; (b) Langmuir adsorption curve; (c) XRD comparison be-
fore and after adsorption; (d) FTIR comparison before and after adsorption

6. () HEZRENNZFHEEY; (b) Langmuir HAE IR FighLk ; () CAOHF IR MG R/ #9 XRD [E; (d) CAOHF
K Ff MG BRI FTIR

g 1 AIE 6(a), CAOHF FEf AT MG (R Bt i B & HE I izl 207 #%; il 6(b), Langmuir
R 5 230 R? 2 0.9957, [K]1k CAOHF St MG M Bt it B 457 & Langmuir B8, iR N () 8 K B
4 48.31 mglg. s 6(c), FEMIEAARKAERAN . Wk 6(d), W MG 51 i (1 4P 2 g i 4
FoAE TR, FLHBLTY —Lgig, FEmran, Hidhs MG R IIRshE, il MG Il Wt /£ CAOHF
i b 18T XRD A FTIR AR A2 Bt A 2 P E R
4. it

LA NaBF, 93U, 38 I 1 5 A 7] (R e 8] 40 S ML R [ pH AL, I8 I 7K G2 % 7 A FRIE S CAOHF,
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